per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT CO OPERATION TREATY (PCT) 
(51) International Patent Gasification 5 : ^~ ^ " 



(I 1) International Publication Number: 
(43) International Publication Date: 



WO 93/08834 

13 May 1993(13.05.93) 



(21) International Application Number: PCT/US92/0959 1 

(22) International Filing Date : 5 November 1 992 (05.11 .92) 



(30) Priority data: 
P41 3C 553.4 



6 November 1991 (06.11.91) DE 



(71) Applicant, (for all designated States except US): GESELLS- 

n C £m N iF MBP f (G . BF) f DE/ DE]; Mascheroder Weg I, 
D-3300 Braunschweig (DE). 6 

(72) Inventors; and 

(75)rnventors/Applicants I (for US only) : BRAHMBHATT, Hi. 
manslm IN/DEJ; WEHLAND, Jiirgen rDE/DEl* 

mc( D »;t^S 5C ^ eroder We 8 *> D " 3300 Braunschweig 
(DE). WHITE, David, C. [US/US] ; 10515 Research 
Drive Suite 300, Knoxville, TN m&W%$^ 

^^V Carl0S ; T ^ \} T / lTi; ViaI Benedetto XV 10, I- 
16132 Genua (IT). WALKER, Mark, J, [AU/AU]- PO 
Box 1144, Wollongong, NSW 2500 (AU). FOUNTAIN 

Kh4S° E1; Mascheroder ^ h D ™ 6 



(74) Agent: EISELE, Joseph, T.; Kane, Daisimer, Sullivan 711 
Third Avenue, New York, NY 10017 (US). 

(81) Dulgutol State^JP US, European patent (AT, BE, CII 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, SE) 

Published 

With international search report. 



(54) Title: VACCINE AGAINST PATHOGENS OF MUCOSAE USING LIPOSOMES 



(57) Abstract 

"IflMS^ f Border perlussis were inw)rporated ^ 

coated liposome, specific andbodv ^^ZZ'^ ™" oraI or ,ntranasal vaccination of mice with the 

detected after immunisation with 4 the OMP S^C^iwrth ^ iEr* ^ reSP ° nSe *° LPS ^ be 

tmty bestowed by the proteins The OMP mated £ . LPS-coated liposomes suggesting adjuvant ac- 

"eOMPprUaLSe^ 

£m=^^ 

sponses which may be ^gSSStSfiSS S itSKT I^erST' ^ ^ < l 



WO 93/08834 PCT/US92/09591 

-1 - 

VACCINE AGAINST PATHOGENS OF MUCOSAE USING LIPOSOMES 

PROBLEM 

Pertussis is a severe respiratory disease which most commonly affects young Infants and prior to the 
1930s was a major cause of child morbidity and mortality. Since then, large scale parenteral vaccination 
with heat-kUled whole-cell preparations of Bordetella pertussis (the causative bacterium) ano improved 
socio-economic conditions have greatly reduced the incidence of pertussis in the developed countries 
However. In the past two decades there has been an upsurgence in the incidence of the disease 
following a reduced acceptance rate of the vaccine by parents mainly due to possible side effects which 
may be associated with pertussis vaccination, These range In seventy from mild local reactions through 
persistent screaming to permanent brain damage. In some countries, doctors are reluctant to advise 
vaccination because of legal liability. In addition, vaccines can vary enormously between manufacturers 
and not all vaccine preparations are protective. 

In recent years, the major thrust of pertussis research has been to develop defined aceilular vaccines 
with reduced reaciogenlclty and greater Immunogenicity. However, this is hampered by lack of 
knowledge of the pathogenesis of pertussis, which b exceptionally complex, and the immunologically 
protective mechanisms which follow infection. Bordetella pertussis possesses several factors which have 
been implicated in pathogenesis but it is still controversial which of these are the protective antigens in 
human3 Bnd which lactors are associated with the react ogeniclty of the vaccine. Vaccines based on 
purified antigens, namely detoxified pertussis toxin and filamentous haemaggiuiinin, gave somo 
protection In Swedish field trials but it is clear that these vaccines were contaminated with other antigens 
which may also play a role in protection. Thus a non*reactogenic highly efficacious vaccine sirti run 
a vallate. Alternative strategies thus need to be explored. We have examined the possibility of usinrj 
liposomes containing Bordetella pertussis antigens to stimulate airway Immune responses after oral or 
nasal administration. 

INTRODUCTION 

The Incidence of pertussis In the developed countries has been largely reduced through large scale 
parenteral vaccination with heat-killed whole-cell preparations of B. pertussis. However, pertussis Is still 
a world-wide problem due to a reduced acceptance rate of the present vaccine following heavy publicity 
of the possible side effects associated with vaccination [46], variation In efficacy associated with the 
manufacturing of vaccines [19], and the lack of vaccination programs in the underdeveloped countries 
where 95 % of the Incidence of pertussis occurs (34], 

One possible reason for the lack of reproducible efficiency of vaccines is that parenteral administration 
of B. pertussis antigens may be Insufficient to stimulate the necessary mucosal immune system required 
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as first line defense against Infectfon. Indeed, some epidemiological evidence suggests that current 
vaccines protect more against the diseas than against intecrion [1 1]. Oral or intranasal administration 
of antigens may not only gfve better protection but may also circumvent many of the side reactions 
associated with parenteral vaccination. However, antigens administered orally often induce a poor short - 
time immune response and require adjuvant to boost these responses. 

Phospholipid bBayered vesicles (liposomes) have been used; as delivery systems for a wide variety of 
biologically active substances to specific tissues and mora recently have been used as immunological 
adjuvants to enhance the immune response to several bacterial and viral antigens [17]. Here we report 
the potential of liposomes as a delivery system to enhance the Immunological response to B. pertussis 
surface antigens in the lungs. 

In other words. Bordeteila pertussis is the etiological agent of whooping cough, an infection of the 
human respiratory tract The disease Is particularly severe In young children and may lead to 
neurological disorders and death [62]. The impact of pertussis morbidity and mortality in health Is 
usually underestimated due to underreporting; however 60 million cases and more than 500,000 deaths 
per year are estimated to have a pertussis aetiology or to be pertussis related 134]. The prevalence of 
pertussis In countries where vaccination is not mandatory is very high with 95 % of sera among 17 to 19 
year old Individuals containing antibodies against pertussis 115]. 

In the Developed Countries the Incidence of whooping cough has been reduced largely by mass 
fmmuniiation with a haat-Mlled whole-cell vaccine [12]. The benefits associated with this vaccine dearly 
outweigh the risks of rare but severe adverse effects, but nevertheless public concern about safety and 
immunogenlctty has resulted in decreased vaccination rates [22, 33]. Moreover, the efficacy of the whole 
ceil vaccine has been questioned in a few countries such as the United States because although 
immunization rates are high, between 3O.000-1 25,000 cases of pertussis have occurred annually (55]. 
Therefore, a new generation of non-toxic and highly Immunogenic vaccines, composed of well-defined 
components are urgently needed. Several virulence factors of B. pertussis have been considered for 
Inclusion in defined acellular vaccines and detoxified pertussis toxin (PT) and filamentous hemagglutinin 
(FHA) are prime candidates [29. 40]. Conventional subunit vaccines administered by parenteral route 
seem primarily elicit humoral Immunity; mucosal antibody responses are poor. B. pertussis bacteria, 
however, infect through the respiratory tract mucosal membrane and specific immunoglobulin (Ig) A Is 
elicited after natural Infection [57]. Such antibodies may well protect the host from both colonization and 
disease. It would thus seem worthwhile to explore means of stimulating airways mucosal Immunity and 
to evaluate hs utBlty In protecting from Infection and disease. 
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spec.es immunhed. route of immunization, and the distribution and number of iamellae. The assoaat.cn 

Improves the induction of humoral, secretory and etH medtated immune responses H . 2. 1 7. 58] . 

systemic or secretory immune responses following oral immunization of mice. 

According to one embodiment, the invention concerns a vaccine against pathogens of mucosae where 

The vaccine according to the .nvention car, oe characterized In that the pathogen of mucosae is a st.i, 
of a species of Bordetei. a . especialiy B, pertussia. shlge.,a or streptococcus. 

Further, the vaccine according to the Invention can be characterized in that ,he antigen * a preparation 
of the outer membrane protein (OMP) of Bordetella pertussis Preparation 

Further, the vaccine according to the invention can be charactered in mat the antigen is a 
llpopoiyseccharide (LPS) of Bordetella pertussis. 

haCa.!r C l e aCCOrdin ° l ° ^ Char0C,erl2ed ™ ,he * <«— 

haemaglutinin and/or pertussis-toxin of Bordetella pertussis. 

Further, the vaccine according to the invention can be characterized in that both a preparation of ,he 
outer membrane protein (OMP) and a HpopolysaccharirJe (LPS) as we« of Bordeteiia pertussis are 
contained as antigen. 
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F=unher. the vaccine according to th invention can be characterized In tnat the vaccine according to 
llpld-vesicies ar small muttlamdar phosphollpld-veslcJes based on soybean. 

According to another embodiment, the Invention concerns a process for the preparation of a vaccine 
according to the Invention, characterized In that the antigen or the antigens are Incorporated by means 
of the solvent dilution microcarrier technique (mo the HpW-veslcles- 

Upopdysaccharide (LPS) and outer-membrane protein (OMP) preparations of Bordetetta pertussis were 
incorporated Into multilamellar liposomes composed of soya bean derived phospholipids 
(Lyphasome™, Fountain Pharmaceuticals, U.SX). After oral or fntra-nasal vaccination of mice with the 
coated liposomes, antigen-specific antibody responses were detected In lung washes. The OMP-coated 
liposomes were significantly more effective in Inducing an Immune response than the OMP preparation 
alone. Responses ware highest when mice were given a booster 30 days after primary immunisation. 
The maximum response occurred 20 days after the booster but specific antibody could still be detected 
75 days after secondary Immunisation. 

These results suggest that this liposome antigen delivery system has potential In stimulating secretory 
antibody responses which may be necessary to effectively protect against infection from B. pertussis 
and that It should also be applicable to the delivery of a vanety of candidate protein and /or UPS antigens 
from B. pertussis. 

Although liposomes have been used previously to elicit in-vivo antibody responses there are no reports 
of intra-nasal immunization or lung antibody responses following oral administration. This is of some 
importance since all present day whopping cough vaccines are administered parenteralty and It is 
possible that this Is insufficient to stimulate the mucosal immune system required as first line defense 
against colonization and subsequent infection. Indeed, some epidemiological evidence suggests that 
current vaccinas protect more against the disease than against infection. Oral or intra-nasal 
administration of antigens may not only give better protection but may also circumvent the side 
reactions associated with parenteral vaccination such as the endotoxin shock due to small quantities of 
free LPS contaminating preparations of protein antigens. Our results show that liposome Incorporated 
LPS does not result in endotoxin shock presumably by preventing insertion of lipWA portion of LPS into 
host cell membranes. 

Such a delivery system may also be applicable to vaccinate against other bacterial pathogens that gain 
entry Into the animal host via the mucosal route te. primarily the lungs or the Intestinal tract. 
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Mlce were oralfy vaccinated with liposome-entrapped filamentous hemagglutinin (FHA) and detoxified 
pertussis toxin (PT) of Bordetella pertussis. FHA- and PT-specific immunoglobulin (Ig) G was detected ir 
serum, and both IgG and igA In lung wash s following the Immunization. Antibody titres obtained in 
mice immunized wtth encapaidated antigen were significantly higher than those In mice Immunized with 
unencapsldated FHA and PT. which demonstrated the adjuvanticity of the liposome carrier. The results 
Indicate the potential usefulness of this approach to elicit Immune responses against FHA and PT (and 
perhaps other pertussis antigens) in humans and Its possible utility in large scale vaccination to protect 
both against B. pertussis infection and disease. 

A detaHed description of the invention based on figures and experimental parts A and B follows. 
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FIGURES 
Figure 1. 

SDS-PAGE of vesicles. Samples were analysed with an 11 % separating gal. 1, OMP-coated vesicles; 2, 
OMP preparation of B. pertussis; 3, whale cells of B. pertussis; 4. molecular weight markers. 

Figure 2. 

Electron microscopic examination of vesicles- Uncoated vesicles (A) and OMP-coated vesicles (C) were 
negatively stained with A % uranyt acetate; arrows indicate the multaamellar layers. B (uncoated 
vesicles) and D (OMP-coated vesicles) show vesicles after unidirectional metaUshadowing. OMP-coated 
vesicles were Incubated with antl-OMP antibodies followed by Protein A-gold complexes (E. unstained 
vesicles; F. after metal shadowing): the- gold particles (indicated by arrows) indicate the OMP material 
located at the outer surface of the OMP vesicles. In control experiments. OMP-coated vesicles were 
Incuhated with prelmmune Immunoglobulin fallowed by protein A-gold complexes (G) or with the protein 
A-goId complexes alone (H); no labeling of the OMP-coated vesicles was detectable. Bars represent 
oa m. 

Figure 3. 

Antibody tkres (anti-OMP) in lung washes of mice after Intranasal vaccination with OMP-coated vesicle? 
and unincorporated OMP preparation. Bars Indicate standard deviation, 

Figure 4. 

The effect of dose of vaccine on antibody titres (anti-OMP) In lung washes of mice after intranasal 
vaccination with OMP-coated vesicles. Bars Indicate standard deviation. 

Figure 5. 

Duration of antibody response after intranasal immunisation of mice with OMP-coated vesicles- Mice 
ware vaccinated and killed at the days indicated and the antUOMP titres from lung washes were 
determined. Bars indicate standard deviation. 

Figure 6. 

Western blot analysis of lung washes and serum. OMPs of B. pertussis were separated by SDS-PAGE 
with an 1 1 % separating gel and blotted. Strips 1 and 2 were Incubated with pooled lung washes from 
mice Immunised with OMP-coated vesicles, strips 3 and 4 with pooled lung washes from mice 
Immunised with uncoated vesicles, strip 5 with pooled serum from mice Immunised with OMP-coated 
vesicles and strip 6 with pooled serum from mice Immunised with uncoated vesltfes. Strips 1 and 3 were 
incubated with peroxidase conjugated anti-mouse IgA, as second antibody, and strips 2,4,5 and 6 with 
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aml-mous IgG. The arrows point to the major 32 kd protein. 
Figure 7. 

Silver staining of LPS^oated vesicles, i . LPS extracted from B. pertussis. 2 . anew* vesicles, 3. LPS - 
coated vesicles. 

Figure 8- 

incorporation of FHA and PT into liposome* Lane 1 . molecular mass standards: lane 2. unencapsidated 
liposomes; lane 3, free FHA: lane 4. liposome-encapsidated FHA; lane 5. free PT: lane 6 lipoaome- 
encapsldated PT. FHA and PT subunits are Indicated by arrows, as are the molecular masses of the 
standards in kilodaltona. 

Figure 9 

Electron microscopic examination of liposomes. Uncoated liposomes negatively stained (A,. BHA- 
coated liposome* negatively sralned (6); a n e r unidirectional metai-shadow ( C ): incubated with 
polyclonal antl-FHA antibodies and protein A-gold complexes without (D) and with (E, metal-shadow- 
incubated with prelmmune serum and protein A^old complexes (F). G: gold-partlcle; bars represent 

0.2 um. 

Figure 10. 

Electron microscopic examination of PT^oated hposomes. PT-coated tiposomes negative* stained with 
4 % uranys acetate. P h 4.5 (a, : incubated w«h polyclonal ana-PT antibodies and protein A-oo-o 
complexes, metai-shadowed (B, : control experiment, incubated with prelmmune serum followed by 
protein A-gold comixes and metal-shadowed (C): post-embedding labeling, incubated with polyclonal 
ant.-PT antibodies and protein A-gold complexes (D). G: gold-particle: bars represent 0. 1 um. 

Figure 11. 

Levels of antl-FHA specific antibodies In sera (A) and lung washes <B) after oral Immunization o« mice 
whh free and liposcme-coaied (LC.) FHA. Standard deviations are indicated by vertical lines. 

Figure 12. 

Levels of anfl.PT specific antibodies In sera (A) and lung washes (B) after oral immunization of mice with 
free and liposome-coated (LC.) PT. Standard deviations are indicated by vertical lines. 
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EXPERIMENTAL PART A. PREPARATION OF VACCINES AND THEIR COMPONENTS 
MATERIALS AND METHODS 
Strains and cultivation 

B. pertussis D300421 (serotype 1.2.3) £31 was grown on Bordet Gengou base (Dlfco) with 1 % (v/v) and 
15 % (v/v) deflbrinated horse blood. For large scale production, B. pertussis was grown in Modified 
Homibrook medium f66J- 

Preparation of lipopolyaaccharide 

Two litres of 4fi h 0. pertussis culture were harvested by centrifugation and washed once with 
phosphate-buffered saline (PBS; NaCl 8 g/l. KCI 0.2 g/l. KH 2 P0 4 0.2 g/l. Na 2 HPO 4 .2H 2 0 2.0 g/l. pH 
7.4). The cells were resuspended to 75 ml with distilled water and incubated at 65 •C for 30 mln. This was 
then mixed with an equal volume of 90 % (w/v) phenol and Incubated at 65 *C for 45 min with constant 
mixing. The suspension was allowed to cool on ice and centrHuged at 10,000 x g for 10 min. The top 
aqueous layer was removed and centrlfugated at 10.000 x g for 10 min to remove debris. The 
lipopoiysaccharide (LPS) was precipitated by the addition of two volumes of ice cold acetone and 
Incubatton overnight. The precipitate was collected by centrlfugaUon at 10,000 x g for to min at 4 -C and 
washed whh 70 % acetone. The dried pellet was resuspended in 20 ml distilled water and 
uttracentrlfugatad at 1 00.000 x g for 2 h. Pellets were washed twice more with distilled water and then 
lyophflized. 

Preparation of outer-membrane proteins 

Two litres of 48 h B. pertussis culture were harvested by centrifugation and cells were washed once in 
PBS. Cells were resuspended in 50 ml PBS and heet-kllled (56 fl C for 30 mln). Phenyt-meihane- 
su!f onyifluoride (PMFS) was added to a final concentration of 0.1 mM and the cells were disrupted by 
sonication (ten one minute pulses on ice allowing one minute to cool Inbetween pulses). Unbroken cells 
were removed by centrifugation at 5.000 x g for 1 0 min and envelopes were collected by centrifugation 
at 100.000 x g for 1 h. The envelopes were then resuspended In 20 ml 2 % trtton X-100. 7.S mM MgCl 2 . 
50 mM HEPES (N-Z-hydroxyBthyipiperazine^^-ethanesulfonic acid) pH 7.4, allowed to stand for 1 h on 
ice. centrifuged at 100.000 x g for 1 h and washed once in the same buffer. The OMP preparation was 
then washed twice with distilled water. Protein concentrations were determined using a modification of 
the Lowry method [31]. 

Preparation of vesicles 

Lyphazome™. a proprietary form of small multtiameiar phospholipid vesicles, were prepared containing 
B. pertussis LPS and OMP preparations using the Solvent Dilution Microcarrler technique developed by 
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Founiain Pharmaceuticals Inc.. [S3] using purified soya bean phosphatides supplied by American 
Lecithin Company, N w York. Th composition of the punfied lipid mixture was phosphatidylcholine, 
phosphatldyfethanolamine, phosphatide acid and neutral lipids in an approximate ratio of 8:1 :0. 7:0.3. 

ImmunlMtion of mice 

Four to five week old female Balb/c mice were immunised in groups of five. Mice immunised intranasal^ 
were anaesthetized by ether and 50 ul of vaccine dilution, In PBS, was deposited on the external nares 
and allowed to be enhaled. For mice immunised orally, vaccine was diluted appropriately in PBS and an 
equal volume of 3 % sodium bicarbonate In PBS (pH 8.0) was added just prior to immunisation to 
neutralise gastric acidity. Mice, deprived of water for 6 - 8 h. were gently fed with 50 ul. Unless otherwise 
stated, mice were immunised on days 1 and 4 and given a booster on day 30. One dose consisted of 4 
ulg protein for OMP-coated vesicles, and 15 ug dry weight for LPS-coated vesicles and uncoated 
vesicles. Mice were Willed ten days after booster, unless otherwise stated, by cervical dislocalion and 
Wed from the brachial artery. Lung washes were obtained by cannutaling the trachea with a syringe and 
filling and emptying the lungs four times with 0.7 ml ice cold PBS with 0.1 mM PMFS. From each mouse 
about 0.5 ml was recovered, centrtfugated at 4 *C at 10.000 x g for 10 mln to remove debris and stored 
at - 20 •<:. 

Antiserum to OMP 

OMP preparation was emmutsrfied at a ratio of 1 :1 with F rounds Incomplete adjuvant in a final volume or 
t mi and a three monm Chinchilla rabbit was Injected subcutaneously and Intramuscularly on day i (200 
ug). aay 30 (100 ug) and day 40 (100 ug). The rabbit was killed on day 50 and Immunoglobulin was 
purified from the obtained serum by protein A-sepharose CL4B chromatography. 

SOS-PAGE and Western blot analysis 

Proteins and LPS were electrophoretlcally separated by sodium dodecyl sulphate polyacryiamlde gel 
electrophoresis (SDS-PAGE) as previously described |30). Proteins were stained by commassie biue 
and LPS by silver staining [59]. Western blotting was carried out as previously described [5). Briefly 
proteins were transferred to nitrocellulose using a semi-dry transfer cell with 25 mM 

Tris. 192 mM glycine, 20 % methanol pH 8.3 as transfer buffer and 5 % bovine serum albumin in PBS as 
a blocking agent. Blocked membranes were incubated for 1 h at 37 *C with either lung washes, diluted 1 
in 4 in PBS, or serum sample diluted 1 in 10 in PBS. After washing three times with PBS, the membranes 
were incubated with peroxidase conjugated goat anti-mouse IgA (Southern Biotechnology Associates 
Inc.) or anti-mouse IgG (Jackson Immunoresearch Laboratories) for 1 h at 37 °C. Membranes were 
washed three times In PBS and developed using 4-chlo<lo-i -naphthol as a substrate. 
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EUSA 

Mlcrotltre pfates (Nunc Maxisorp) were coated overnight at 4 °C wtih either OMP In O.i IvT NbHCOq pH 
9.6 (5 ug in 50 uJ per well), or LPS In 50 mM Trls HCl pH 9.6, 20 mM MgCl 2 (I mg In 50 ul per well). The 
plates were washed and blocked with 10 % fetal calf serum (FCS) in PBS (IOO ul per well) for 1 h at 37 
•C. After washing, plaies were incubated with various dilutions of serum or lung washes inio % FCS in 
PBS (50 ul per well) for i h at 37*0. Plate* were washed and 50 ul (per well) of peroxidase conjugated 
goat anti-mouse IgA or ami igG diluted i in 1000 In to % FCS in PBS was added. Rates were incubaied 
as before and after washing plates were developed by addition of 50 ul (per well) of substrate (0.25 M 
citric acid. 0.25 M Na 2 HPO^. 0.0015 % H 2 0 2 . 0.3 mg ml' 1 O phenyWiamlne dlhydrochloride). After 30 
min at room temperature, the reaction was stopped by the addition of 50 ul of 0.25 M H 2 S0 4 and the 
A 490 was determined using a Blorad model 3550 micropiare reader The results referto the average 
values obtained from samples of 5 mice and an EUSA unit refers to the A 4 qq multiplied by the 
appropriate dilution factor after subtraction of background values obtained from mice not immunised 
Undiluted lung washes and serum samples (diluted 1 in 50) from control mice gave essentially null 
readings. 

Electron microscopy 

Uncoaled and OMP-coated vesicles were negatively stained with 4 % aqueous uranyl acetate. pH 4.5, 
according to Valentine et at. [60] . For metal -shadowing the two vesicle samples were absorbed onto 
freshly prepared formvat covered nickel grids, washed with distilled water, air-dried and unidirectio/ialiy 
metaKshadowed with platinum (20 * angle). 

Immunoaloctron microscopy 

Uncoated and OMP-coated vesicles were absorbed onto freshly prepared eollodlum covered nickel 
grids and carefully washed with distilled water. After being air-dried at room temperature the grids were 
treated with purified antibodies (100 ug IgG protein ml" 1 ) for 30 min at room temperature. Unbound 
antibodies were removed by a mild spray of PBS (0.1 M potassium phosphate, 0,15 M NaCI. pH 6.9) 
from a piaetic bottle. The bound antibodies were made visible for electron microscopy by Incubating the 
grids on drops of protein A-gold complexes (10 nm gold particle size and A 520 of 0.03) for 10 min at 
room temperature. Subsequently, the grids were rinsed with PBS containing 0.01 % Twaen 20 followed 
by distilled water. After being air-dried the grids were unldirectlonally metal-shadowed with platinum (20 B 
angle). In control experiments, the samples were treated with purified prelmmune immunoglobulin or 
wtth protein A*gold complexes alone. Samples were examined with a 2eiss electron microscope CEM 
902 or 1 0B at an acceleration voltage of 60 kV and at calibrated magnifications. 
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RESULTS of EXPERIMENTAL PART A 
Analysis of OMP-coated vesicles 

The OMP-coated vesicles and the OMP preparation were analysed by SDS-PAGE (fig. 1) and found to 
contain essentially the same proteins indicating that me incorporation technique did not select 
preferentially for specfic proteins. No proteins were detected in the uncoated vesicle preparation (results 
not shown). Electron microscopy of the uncoated and OMP^oated vesicles revealed that both vesicles 
were multilamellar and varied in size from 0.2 to 2 urn (fig. 2A-D). Wowover. the OMP-coated vesicles 
were different in morphological appearance when compared with the uncoated vesicles; due to 
Incorporation of OMP. the OMP vesicles exhibited blebs (fig. 2D). Incubation of such vesicles with anti 
OMP antibodies resulted in an Intense labeling of the vesicles (fig. 2E and F) demonstrating the location 
of the OMP material on the outer surface of the vesicles. In control experiments no labeling was 
observed (fig. 2G and H). 

Immunisation with OMP-coated voalclaa 

To investigate the adjuvantlcity of the coated vesicles, different groups of mice were vaccinated 
intranasal^ with OMP-coated vesicles and the OMP preparation used to coat the vesicles, at the same 
protein concentration. For mice Immunised with OMP-coated vesicles, the IgA and igG titres in the lung 
washes were approximately 4 fold higher than tor mice immunised with the OMP preparation <f.g. 3). The 
serum IgQ tm e tor mice immunised by OMP-coated vesicles was about twice that for mice immunised 
by the OMP preparation. Mice Immunised wfth uncoated vesides showed no Immune response to Omp s 
(results not shown). Although the existence of a common mucosal immune system is well established, it 
was ol Interest to compare the effectiveness of immunisation by the intranasal ana oral routes. Ttires in 
the lung washes were similar whether mice were vaccinated intranasally or orally (Table 1). A primary 
response was detected 10 days after me second immunisation at day 4 but titres increased substantially 
after a booster was given at day 30. It is not known when the peak primary response occurred but it 
clearly occurred after to days as titres were higher for mice which were killed at day 40 without having 
received any booster. The IgQ titre in the serum paralleled that of the lung response (results not Shown). 



two 



The dose required to give the maximum response In the lungs was C • 12 ug protein (total dose from 
primary immunisations and one booster) (fig. 4). Mice immunisad with 120 ug protein gave a weaker 
response indicating an inhibitory effect art higher concentrations. However, with doses as tow as 1 .25 ug. 
specific antibodies could still be detected in the lung washes. To determine the duration of th© immune 
response, mice were sacrificed at various time intervals after the 30 day booster (fig. 5). The maximum 
IgA and IgG response both occurred 20 days after the booster but specific immunoglobulin could still be 
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daiecied In the lungs after 75 days, 

Western blot analysis of the immune response 

Lung washes and serum samples from mice fmunlsed orslty and Intranasalty were pooled together and 
analysed by Western blotting (fig. 6). Lung washes, from mice Immunised with OMP -coated vesicles, 
reacted wfth several OMP bands although the signals were notably stronger for anti-mouse IgG than for 
ant] igA. This may be due to differences in avidity or sensitivity between the two detection systems or 
alternatively because the IgG response was more prominant than the IgA response In the lower 
respiratory tract. Interestingly. Nedrud et ai. [36] reported mat after oral and Intranasal immunisation with 
inactivated Sendaf virus, IgG was the dominant response In the lower respiratory tract whereas IgA was 
the dominant response in the upper respiratory tract. In control experiments. In the present study, no 
signals against OMP bands were detected from lung washes obtained from mice immunised with 
uncoar&d vesicles (fig. 6 lanes 3 and 4). Pooled serum from mice immunised wttn OMP-coarsd vesicles 
also reacted with several OMP bands (fig. 6 lane 5). Both serum and lung washes reacted with the major 
32 kd OMP bur the serum response showed a preference for lower molecular weight bands whereas the 
secretory response showed a preference for higher molecular weight bands. Serum from mice 
Immunised with uncoated vesicles showed a very faint reaction with the major 32 kd OMP although this 
is cannot be seen in the photograph (fig. 6, lane 6). 

lmmunteation wfth LPS-ooated vesicles 

LPS isolated from B. pertussis and LPS-coated vesicles were analysed by SDS-PAGE and silver staining 
Both showed the same migration pattern (fig. 7) and was of the ab phenotype as described by Peppier 
[42]; wild type B. pertussis possesses two distinct rough LPSe and this shows Itself as two bands, 
designated a and b. after SDS-PAGE. After oral and intranasal immunisation of mice with vesicles coated 
with LPS, no specific IgA could be detected in the lung washes (Table 2) although a specific IgG 
response was detected, However r a specific IgA response to LPS was detected when mice were 
immunised with the OMP-coated vesicles. Silver staining of the OMP- coated vesicles Indicated the 
presence of LPS (results not shown) although these contained about 10 fold less LPS than LPS-coated 
vesicles. This suggests that proteins present in the OMP-coated vesicles are required for adequate 
presentation of the LPS antigens. The IgG response was also hrgher for mice Immunised with OMP 
coated vesicles than for mice Immunised with the LPS coated vesicles. Immunisation by the intranasal 
route appeared to J» more effective in inducing an Immune response than oral immunisation. Specific 
IgG to LPS was detected in the serum and the tltre was similar whether OMP vesicles or LPS vesicles 
were used to immunise mice. 
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DISCUSSION OF EXPERIMENTAL PART A 

Vesicles coated with OMP or LPS wer shown to be effective in Inducing a secretory and systemic 
immune response to these antigens. However, a secretory IgA response against LPS could only be 
detected after immunisation with the OMP-coated vesicles and not the LPS-coated vesicles. This 
suggests that protein antigens In the OMP preparation had had an adjuvant effect in stimulating an IgA 
response. Perhaps protein antigens are required tor the Helper T-cell presentation that mediates B-cell 
Isotype switching directly from IgM to IgA [54], Mice immunised with OMP vesicles gave secretory 
antibody titres about four fold higher than for mice immunised with the OMP preparation. The reason for 
adjuvanilchy of liposomes in general is not known but it is possible that the coated vesicles persist 
longer in the lymphoid tissue than the OMP preparation. The existence of a common mucosal immune 
system, where an Immune response in a given mucosal tissue will result in a secretory response 
elsewhere, now has general acceptance [32]. However, there is some evidence that different regulatory 
mechanisms exist between the systems operating in gut-associated lymphoid tissue (GALT) and in me 
bronchus-associated lymphoid tissue (BALT) (28). in mis study, titers to OMP were similar whether mice 
were vaccinated orally or intranasaity aitnougn mice vaccinated Intranasally appeared to give a higher 
titer to LPS- The maximum response occurred 20 days after a 30 day booster tor mice immunised 
Intranasally with OMP-coated vesicles. However, secretory antibody could atm oe detected 75 days after 
Immunisation. This Is of particular interest in view of the observation of Goodman et ai., [16J that anti- 
pertussis IgA can be detected In nasopharyngeal secretions three months after natural Infection in 
humans, but not after parenteral vaccination. Furthermore, it is generally accepted that natural iniection 
of pertussis results in better and longer lasting immunity than parenteral vaccination. 

In this study only the humoral response after vaccination was investigated. However, other srudies have 
shown that antigen coated liposomes can induce cell-mediated Immunity (CMI) [24). Although the role 
of CMI In protection against B. pertussis is not known, CMI responses to various antigens after human 
infection have been reported [7, 14]. 

The pathogenesis of pertussis Is complex and It Is still unclear which antigens should oe Included in an 
acellular vaccine. Parenteral vaccines based on pertussis toxin and filamentous haemagglutintn gave 
some protection in Swedish field trials [41]. However, it is dear that these vaccines were contaminated 
with other antigens which may also play a role in protection (51 ]. The role of ami-LPS antibodies in 
protection Is not clear. Rabbit ami-LPS, when mixed with challenge bacteria did not protect mice from 
infection [47] although it has been suggested that antl-LPS antibodies in humans may stilt play a role in 
preventing colonisation [68]. The OMP-coated liposome vaccine used in this study to elicit a secretory 
response, is undoubtedly a crude vaccine. However, the liposome delivery system, which enhanced 
antibody stimulation to these antigens, could be used to incorporate purified surface antigens such as 
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lUamentous haemaofllutlnin. penussls toxin, or the 68 kd OMP associated with virulence, which have 
been shown to be protective fa mouse models [67]. The soya bean lipid source, used to manufacture 
ihese liposome* la relatively cheap and therefore attractive tor large-scale vaccine production. 

On the other hand, complete protection against B. pertussis may require an Immune response to several 
antigens and It Is perhaps false dogma that future vaccines should only consist of defined purified 
components. The oral route of administration may circumvent many of the toxic side affects associated 
with parenteral administration of crude vaccines especially those associated with LPS. Side effects 
associated with pertussis toxin woufd also certainly be expected to be reduced. However, it may be 
desirable either to toxoid the preparation before liposome incorporation or to use the recently described 
B. pertussis mutant which expresses an Immunologically active but biologically Inactive pertussis toxin 
[371. It is of interest to note that in a study of 15.000 infants, a whole-cell vaccine given orally was equally 
as effective as vaccine given parenteral^ but sWb reactions were essentially eliminated with oral 
immunisation [si. However, the length of Immunity conferred by oral immunisation was not further 
investigated. 

in conclusion, this study has demonstrated the usefulness of the liposome delivery system to enhance 
stimulation of secretory antibodies to B. pertussis surface antigens. Further studies, however, are 
required to determine whether these protect mice from colonisation and whether the liposomes can be 
used as a delivery system for individual B. pertussis surface antigens. 



EXPERIMENTAL PART B: THERAPEUTIC ASPECTS 
MATERIALS AND METHODS 

Preparation of antigen-entrapped vesicles. FHA was purified from B. pertussis Tohama strain as 
previously described by Sato et al 150] and PT was kindly supplied by S. Cry* and detoxified a* 
described by Munozetal. [^.Lyphazome™ liposomes, a proprietary form of email multilamelar 
phospholipid vesldes. containing 8. pertussis FHA and PT were prepared using the solvent dilution 
mlcrocarrter technique developed by Fountain Pharmaceuticals inc. [53J. using purified soya bean 
phosphatides supplied by American Lecithin Company. New York. The composition ot tne purified lipid 
mixture was ptosphatldylchollne. phosphatidylethanolamlne. phosphatidlc acid and neutral lipids in an 
approximate ratio of 8:1:0.7:0.3. 

Mice immunization. Five to six week old female BALB/c mice (Charles River. Ml. Italy) were orally 
immunized In groups of frve and caged separately according to the following protocol: group a. 
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/iposome-entrapped FHA; group b. liposome-entrapped PT; group c, llposome-enl rapped FHA and 
llposome^ntmpped PT ; group d, free FHA; group . free PT; group f , fr e FHA and PT; a control group 
was immunized using uncoated liposomes. The vaccination regime was one dose or protein (4 ug) on 
day 0 and 4, followed by a booster of an identical dose on day 30- Mice that had been deprived of water 
for 6 - b h were gently fed with 50 ul of vaccine diluted in PBS and an equal volume of 3 % sodium 
bicarbonate In phosphate-buffered saline (PBS; NaCI (8.0 g liter' 1 ], KC1 [2.0 g Iter" 1 ], Na 2 HP0 4 -2H 2 0 
[2.0 g liter* ] ( KH^PC^ [2.0 g Irter* 1 ) ( p h a.0). which was added Immediately before to neutralize gastric 
acidity. The animals were sacrificed 10 days after the booster and the samples were collected. Sacrificed 
mice were exsanguinated by cutting the brachial artery, and the collected serum was separated and 
stored at -20 *C. Lung washes were collected by penracheai cannutation and gentle washing with 0.7 mi 
of ice cold PBS containing 2 mM phenyl-methane-sulfonylfiuohde as protease Inhibitor. About 0-5 ml of 
lung wash was recovered from each mouse, cenrrH uged at 4 *C at 1 0.000 x g for 5 mln to remove debris 
and stored at -20 *C. 



immunological techniques. Monoclonal antibody P12H3 against FHA [13] and a cocktail of 
monoclonal antibodies reactive against PT subunits S1 (Et9). S4/S5 doublet (E205). and S2 and S3 
(E251 ) [65] were used In western blotting experiments (5). Free and HpoBome-entrapped FHA and PT 
were mixed with loading buffer in a ratio of 1 :i and protein was electrophoresed according to the 
procedure of Laemmli [30J using a 3.85 % acrylamide stacking gel and a 10 % acryiamide separating 
gel. Proteins were transferred to a nitrocellulose membrane (Blo-Rad Labs. S.rl, Ml, Italy) with a semi- 
dry transfer cell (Blo-Rad) using 25 mM Tris, 192 mM glycine. 20 % methanol pH a.3 as the transfer 
buffer and e i 0 % solution of 0.3 % fat milk In PBS pH 7.4 as the blocking reagent. The blocked 
membrane was incubated for 2 h with the first antibody, either P12H3 and a cocktail of E1 9. E205. and 
E251 hyoridoma supernatant fluids diluted 1:20 in PBS (pH 7.4). After three washes with PBS the 
membranes were incubated for 1 h with horse radish peroxidase conjugated goal antl-mouse igG 
diluted 1:500 in PBS (Southern Biotechnology Associates, inc., Birmingham, Ala.). Membranes were 
washed and developed using 4chioro-i-naphthol as substrate. Prestained molecular weight markers 
were purchased from Blo-Rad. 

For the determination of subclass specific antibodies against FHA and PT present in serum and lung 
washes, enzyme-linked immunosorbent assays (EUSA) were performed as follows. Nunc Maxisorp 
Immunomodule 96-wetl plates were coated with FHA or PT diluted In 0.1 M NaHC0 3 (pH 9.6. 60 ng in 50 
ul per well, incubated at 4 «C overnight) . The wells were blocked with 100 ul of 10 % fetal calf serum 
(FCS, Flow Laboratories Inc., Irvine, United Kingdom) in PBS for 2 h at 37 °C. Plates were subsequently 
washed three times with PBS. and lOOulof serum samples diluted 1:50 or lung washes diluted 1:10 In 
10 % FCS in PBS were added to each well. After 60 min at 37 °C the plates were again washed and 100 
ul of alkaline phosphatase<onjugated goal anti-mouse antibodies for IgG, IgM. or IgA heavy chains 
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(Southern Biotechnology Associates. Inc.) diluted l :500 in 10 % FCS In P0S war added to each well 
and incubated for 2 h at 37 °C. The plates were again washed and then developed fay the addition of 1 00 
ul per well of the substrate solution (10 mg/ml pnitrophenyiphosphate. disodlum salt, Jn diefhanolamme 
buffer pH 9.e). After 30 min at room temperature, the reaction was stopped by the addition of 50 ul of 3.0 
M NaOH and the A 405 was determined with a Tltretek Multiskan MCC mlcroplate reader (Row). All 
samples ware processed simultaneously on the same day, each serum or lung wash sample was 
individually assayed and antigen-free liposome-immunlzed mouse serum or lung washes were used as 
the blank for the EUSA readings. Results are expressed as mean values of each immunization group; 
standard deviations represent variations between individual mouse samples in each group. 

Electron Microscopy. Uncoated. FHA-coated and PT-coated liposomes were negatively stained with 
4 % aqueous uranyi acetate pH 4.5. according to Valentine et al. [60]. For metal-shadowing, the 
liposome samples were absorbed onto freshly prepared collodium covered 300 mesh nickel grids, 
washed with distilled water, air-dried and unldirectionaiiy metal-shadowed with platinum at an angle of 
15* 

For Immunoeiectron microscopy, uncoated or antigen-coated liposomes were absorbed onto freshly 
prepared collodfum covered 300 mesh nickel grids and carefully washed with distilled water. After being 
air-drted at room temperature the grids were ireated with protein A purified antl-FHA or PT polyclonal or 
monoclonal antibodies (1.25 ug IgG protein mi* 1 ) for 60 min at room temperature Unbound antibodies 
were removed by a mild spray of PBS (pH 6.9) from a plastic bottle. The bound antibodies were made 
vlsibie for electron microscopy by incubating the gride on drops Of protein A-gold complexes 00 nm 
gold particle size, A 52Q of 0.01) for 15 min at room temperature. Subsequently, the grids were rm$od 
with PBS containing 0.01 %Tween 20 followed by dlstliled water. After being air-dried the grids were 
unldirectionaiiy metal-shadowed with platinum (15 • angle) or examinee without meial-ehadowing. In 
control experiments, the samples were either treated with purified pretmmune serum or with protein A- 
gold complexes alone. For post-embedding labeling the pertussis toxin liposomes were embedded 
according to the progressive lowering of temperature method using Lowicryl K4M re6ln and applying the 
labeling protocol as described (64]. Samples were examined with a 2elss electron microscope EM IOB 
at an acceleration voltage of 80 kV and at calibrated magnifications. 



RESULTS OF EXPERIMENTAL PART B 

Size determination of liposomes containing FHA and PT. Size analysis studies of the FHA and PT 

coated liposomes were performed using a Coulter Counter model N4M PT. The mean diameter of Wank, 
and FHA or PT coated liposomes were 227 nm (95 % limits 21 1 to 243 nm). 236 nm (95 % limits 219 to 
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ZTTJT <95 % ,,m,ts 226 10 262 nm,< respec,iv/<,,y - Thase daia o6 ™«*™ ^ «• 

Of FHA and PT Into the liposomes does not significantly affect their average diameter. 

Western blot an.,*.,, 0 f „po.omes containing FHA and PT . The presence of FHA and PT in the 

vesicle, was confirmed by western bio, analysis (Fig. B) ^ Pj2H3 

end 4, and the cockutf of hybrWoma Supernatant* against PT subunlts S , -4 (lanes 2 . 5 and 6, No ' 
dmerences In FHA content were detected between free FHA and FHA-coated liposomes (lanes 3 and 4, 
On the other hand, differences between tree PT and llposome^corporated PT were evident (lane* 5 and 
6) sufloestma either variation, (n binding atf.n.ty between monoclonal antibodies specific for S1 / S « and 
S2/S3 or preferential incorporation of Si and S4/5 subunits in the liposome,. Na p , et , in8 were 
into the bJank-uncoated liposomes (Jang 2). 

immune-electron microscopic ana*,., of liposomes containing FHA and PT. Electron microcopy 
of the uncoated. FHA^oated. and PT-coated liposomes revealed that the liposomes were multilamellar 
and varted in size (Fig. 9. A, B, C and Fig. 3 . A) . However, the FHA-coated and PT.coated liposomes 
exhibit a different morpholep. appearaUce when compared with the uncoated liposome, (compar* 
y A and B, Fig.9 A and Fig. 10 A). Most probacy due to the incorporation of FHA and PT Into the 
*K»omes. incubation of the FHA-coated liposomes wHh antl-FHA po.yc.ona. or monoclonal amines 
Mowed by protein A-gold complexes rested in an Intensive labeling pattern on the surface o. the FHA- 
i-pcsomes (Fig. ft D and E). incubation with monoclonal antibodies reveafed lass labeling (data not 
shown>. Incubation of the PT-coated liposomes with polyclonal antl-PT ant.bod.es resulted In a much 
weaker laheHng p„« em tnan , or the FHA-coated liposomes (compare Fig. 9 . 0 and Fig. ,o. B). Sine* 
label Intensity was sometimes only slightly above the background label we have undertaken to 
demonstrate by post-embeddlng labeling that PT can he detected on the iiposome membrane. The 
former method allows only lor me detection of antigenic reactive sites which stick out of the liposomes 
but not for those which reside on the inner skle of the liposome membrane. In Fig. to. D a Iiposome Is 
depicted which exhibit a label around the membrane demonstrating that PT Is Incorporated in the 
external membrane. In control experiments (Fig. 9. F and Fl 0 . i o. Q only a very few gold-panicles could 
be detected. 

Antibody responds specific for B. pertussis FHA and PT In vaccinated mice. Both free FHA and PT 
and PT and FHA antlgan^nnapped liposome prototype vaccines, elicited specific serum and mucosal 
antibody responses (Fig. 10 and 1 1). After oral Immunization of mice with a total dose of 12 ug of FHA or 
PT administrated in three equal doses, both systemic (mainly IgG) and lung secretory (mainly IgG and 
IgA) antibody responses were obtained (Fig. 10 A and B). The adjuvantlcity of the llposome-based 
system was confirmed for FHA by the presence of antibodies tltres approximately three times higher in 
mice Immunized with FHA-entrapped liposomes than in those Immunized orally with free protein (Fig. 
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10). Simultaneous vaccination with Pha and PT. both free and liposome entrapped, did not affect anti- 
FHA antibody responses. The litres of Fha specific igM detected In lung washes were not significant 
(data not shown). 

Similar results were obtained by immunization with PT (FIQ. T1 A and B) and as with FHA, co- 
Immunization with both proteins (FHA and PT) gave good antl-FT antibody responses. 

DISCUSSION OF EXPERIMENTAL PART B 

Current parenteral vaccines against whooping cough are more efficient in protecting against clinical 
pertussis than against infection. In designing new, safer vaccines however, it would seem appropnate to 
reconsider the immunization strategy and to take into account respiratory tract ponai of entry of 
pertussis Infection and the possibility of vaccines that stimulate efficient responses at mucosal level 
which b/ocic Infection. Secretory igA and specific IgG (derived from serum by transudation through 
capillary vessels and being the predominant Ig in the lower respiratory tract) may Interfere with the early 
events of bacterial attachment and colonization and thereby facilitating the eradication of the disease. 

The processing of antigens administered by oral and parenteral routes differs regarding antigenic 
specificity and Ig class profBe {2, 6. 27, 581, IflA responses being typical of oral vaccination. The 
specialized M cells which cover the Peyer's patches pass antigenic material to lymphocytes below the 
epithelium, where the processed antigens are presented lo IgA-prccursor B cells. These B cells travel via 
the lymphatic system to the different mucosae and then give rise to IgA secreting plasma cells. T 
lymphocytes may also acquire their homing pattern in the Fevers parches [58]. 

For a number of antiaens, mucosal and systemic immune responses have heen obtained by oral 
administration [23, 26. $6, 61 ) which protect and persist longer than those Induced by antigen 
administrated via the parenteral route. &. pertussis whole cell vaccine given orally was demonstrated to 
be as effective as parenteraiiy administered vaccine [9]. We have recently demonstrated Specific lung 
mucosal responses against FHA and the S1 subunit of PT after oral immunization with recombinant aro 
A mutans of Salmonella spp. [21. 63]. The present work extends these observations by demonstrating 
that systemic and mucosal immune responses against B. penussls antigens are obtained following oral 
Immunization with free FHA and PT. The encapsWatlon of FHA and PT Into the liposome delivery system 
resulted In an adjuvant effect wfth greatly Improved antibody responses. Tolerance and systemic 
suppression as a result of antigen-specific T suppressor cells and absorption problems due to 
preexisting levels of specific secretory IgA have been described after administration of antigens by oral 
route [6, 58]. However, these phenomena were not seen In our experiments. 
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lt is important to highlight that In mice Immunized whh both FHA-coated and PT-coated liposomes .he 
antibody m* obtained were the same in those ImmunUed with a sing.e antigen. We conclude 
therefore that this approach can be used to deliver multiple antigens Including the 69 kDa outer 
membrane protein of B. pertussis which was recently demonstrated to be an important protective 
antigen [39|. E. coll strains which express recombinant FHA [20). Bordetella spp, strains wh,ch 
overproduce PT [64,69] and methods for the genetic detoxification of PT [44. 69] are now available ana 
will facilitate the production of high yields of nontoxic. »ull-antigeni c components for liposome based 
subunlt vaccines. In fad. multivalent vaccines can be envisaged which could replace the old DTP 
vaccina m infant vaccination regimes, as enhancement of the primary and secondary Immune responses 
has resulted from diphtheria toxoid association with liposomes |l). 

The mechamsms which mediate protection to B pertussis infection are not clearly understood Humoral 
and cellular responses following parenteral Immunteation do not always correlate [44). Moreover cell- 
m*d.ated immune responses are believed to be important In vivo for protection against whooping cougr, 
disease [7, 14). As liposomes are known to induce cdl-madiaied Immunity, It will be of interest to 
determine whether the delivery systems used in this study Induce celUmadiated responses to FHA and 
PT in addition to the documented antibody responses. 

The result* reported here confute only a starting point: ,n e Incorporation of other products known to 
have adluvant activity. Including upi 0 a and a. U m,num hydroxide, may have additive or synergistic 
effects on secretory IgA priming [43. 46); administration of vitamin A may improve the immune 
responses after era. vaccination [2]; and other aspects. Including the length of the Immunity obtained 
opt,mal vaccination schedule, and protection after challenge must be also investigated. 

Tne use of liposomes as delivery system for subunit vaccines to Induce immur,* responses distal to the 
site of entry are very promising. The oral route may reduce or eliminate the most frequent local side 
effects associated with whooping cough vaccines, then ad|uvantl C lry may Increase both coll mediated 
and humoral Immune responses. Liposomes ar» chemically stable, simple to manufacture and 
biodegradable: toxicity was not reported after using liposomes in phase I and II trials [1 , 171. Moreover 
the Inexpensive raw materials used to produce the liposomes will contribute to reduced production 
costs. The oral administration of vaccines is in any case associated with a major cost-saving vis-a-vis 
parenteral vaccination and is a key aspect of major vaccination programs, particularly in rural sewings 
where the hearth care delivery is very expensive. 
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TABLE i . Antibody tftres ro OMP of B. pertussis in mouse lung washes after oral ana intranasal 
administration of OMR-coated vesicles. 



Route of 10 days 8 

administration 

IgA IgG 
Oral 0.10±0.06 c 0.1 1 ±0.05 

Intranasal 0.11*0.03 0.35=:0.1? 



40days a 

Without booster* 1 With booster 

IflA IgG IgA IgG 

nd* nd 4.6 ±2.0 6.5 r 1.1 

0.402:0.18 0.46 *0.35 5.1*1.5 6.6:1.5 



a, days after first immunisation; b. a booster was gh/en 30 days after the first immunisation; c, standard 
deviation nd = not determined. 



TABLE 2. Antibody litres to LPS of B. pertussis In mouse lung washes after oral and intranasal 
administration with LPS- and OMP-coated vesicles. 



LPS-veslcles 
OMP-vesicles 



Oral 

IgA IgG 
O.0±0.05 a 0.37=0.12 
0.66*0.51 1.1+0.3* 



Intranasal 

IgA IgG 

0-0^:0.05 0.46 ±0.21 

1.6±0^3 1.610.14 



a, standard deviation. 
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CLAIK3 

1* Vaccine against pathogens of Mucosae where the vaccine consists of a 
liposome delivery system or contains said delivery system as reactive 
component where the delivery system consists of lipid vesicles or contains 
same characterized in that the lipid vesicles contain at least one antigen 
of the pathogens of mucosae incorporated into their outer Bembrane. 

2. Vaccine according to claim 1 characterised in that the pathogen of 
mucosae is a strain of a species of Bordetella, especially B, pertussis, 
shigella or streptococcus. 

3. Vaccine according to claim 2» characterised in that the antigen is a 
preparation of the outer membrane protein (OMP) of Bordetella pertussis. 

4. Vaccine according to claim 2, characterised in that the antigen is a 
ILpo poly saccharide (LPS) of Bordetella pertussis. 

5. vaccine according to claim 2, characterized in that the antigen id 
filaaentous haenaglutinin and/or pert us sis- toxin of Bordetella pertussis. 

6. Vaccine according to clais 2 f characterized in that both a preparation of 
the outer neabrane protein (OMP) and a lipopoly saccharide (LPS) as well of 
Bordetella pertussis are contained as antigen. 

7. Vaccine according to claim 1, characterized in that the vaccine according 
to lipid-vesiclea arc small multilamelar phosphol ipid-vesicles based on 
soybean . 

8. Vaccine according to any of the preceding claims, characterised in that 
it is applied for oral application for immunizing mucosae, especially for 
immunizing intestinal and/or breathing passages, preferably for immunizing 
breathing passages* 

9. Process for the preparation of a vaccine according to any of the 
preceding claims, characterieed in that the antigen or the antigens are 
incorporated by means of the solvent dilution nicrocarrier technique into 
the lipid-veaicles. 



WO 93/08834 PCI7US92/09591 

:1/7 




WO 93/08834 



2/ 7 



PCT/US92/09591 




WO 93/08834 



3/7 



PCT/US92/09591 



8 




vrgiclefi prepare t 



WO 93/08834 PCT/US92/09591 

4/7 




WO 93/08834 



PCT/US92/09591 



5/7 




WO 93/08834 PCI7US92/0959 1 

6/7 



11 1 11 1 



WO 93/08834 PCT/US92/09591 

7/7 



1 2 3 

I I I 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US92/09591 



A. CLASSIFICATION OF SUBJECT MATTER " ' 
IPC(5) :A61K 39/00, 39/12, 39/02 

US CL ;42478S, 89, 92 
According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 424/88,89, 92 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS. MEDLINE, EM BASE, BIOSIS. CA, INPADOC 

search terms: liposome, pertussis, shigella, streptococcus, microcarrier, solvent dilution 


C. DOi 


:UMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 

X 
Y 

A 
Y 

X 
Y 

X 
Y 


US, A, 4,199,565 (FULLERTON) 22 April 1980, see entire document. 

US, A, 4,053,585 (ALLISON ET AL) 11 OCTOBER 1977, sec entire document 

INFECTION AND IMMUNITY, Volume 48, issued June 1985, J.V. Desiderio et al, 
"Immunization Against Experimental Murine Salmonellosis with Liposome-Associated-O- 
Antigen", pages 658-663, see entire document. 

NATURE, Volume 252, issued 15 November 1974, A.C Allison ct al, "Liposomes as 
Immunological Adjuvants", page 252, see entire document. 

INFECTION AND IMMUNITY, Volume 52, Number 2 issued May 1986, D. Wachsmann 
et al, "Serum and Salivary Antibody Responses in Rats Orally Immunized with 
Streptococcus mutana Carbohydrate Protein nnnjnj*i« A*,nrUt+A u^ih t Sp^mfT* pugrj 
408-413, see entire document. 


LI 
3-9 

L2 
3-9 

1 

2-9 
1 

2- 9 

3- 7.9 


X Further documents are listed in the continuation of Box C. [ | See patent family annex 




Speck! catetorica of cittd rfonunrafc: «r later document pubbabod after the alternation*] Tube date or pnonfy 

•A' doc^dcTM^teta^&ofihctnwbkh i. ol coopered « 'S^^^^^^^^ * 
u be part of pnrtic^ relevance pratple or theory tadcrty »a tbc evcniion 

*E" earlier document Dubtafaed on or after the b^maiioaal filial date * X " documeol of particular relevance; the claimed invention canno* be 
... couidcrcd oovel or cannot be cooiiderod lo involve an bveotiva to 
L document which may throw doubts oo priority chin*) or which ii when the document » taken aloaa 
cited to eatabUaa the pubtlcitioa date of toother citation or other 

ipocial msoo (at epecificd) "Y* document of particular relevance; the claimed invention cannot be 
•rr a~~—* _r • . i j * i ^ - considered to bvervo an inventive «tep when the document « 
U document rvferrmc to ao oral diaoloaure, uae. exhibition or other combined wist one or more other auen documents, tuch comb«aum 
me * Qi bem| obvioua to • penoo ikilled tn the art 

T* document publubed prior to the international fuinj date but later than **. document «f h« «m* fa„.ik. 

the priority date claimed aocumem member of too aame pcieni family 


Date of the actual completion of the international search 
07 January 1993 


Date of mailing of the international search report 1 

29 JAN 1993 j . 


Name and mailing address of the ISA/ 
Commissioner of Patents and Trade mirks 

Box per 

Washington, D.C. 20231 
Facsimile No. NOT APPLICABLE 


Authorized officer S7/y i /t\ 

ANTHONY C. CAPUTA / f l /L> *^*- / 
Telephone No. (703) 308-0196 



Form PCT/ISA/210 (second sheetXJuly 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US92/09591 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passagei 



JOURNAL OF EXPERIMENTAL MEDICINE, Volume 171, issued January 1990, R.D. 
Shahin et al t -Characterization of the Protective Capacity and Immunogenctty of the 69- 
kD Outer Membrane Protein of Bordetolla pertugrii '. page 252, pagea 63-73. 

WO, A. 89/11850 (FOUNTAIN) 14 DECEMBER 1989, entire document 

S.A. Plotkin et al. "VACCINES" published 1988 by W.B. Saunders (PA), pages 74-97, 
entire, document. 

INFECTION AND IMMUNITY. Volume 54, Number 3, issued December 1986, R.L. 
Gregory et al, 'Characterization of Immune Response to Oral Administration of 
Streptococcus sobrinus Ribosomal Preparations in Liposomes', pages 780-786. 



Relevant to claim No. 



3,6 f 8 f 9 

1-9 
2,4,5 



1.2.8 
3-7,9 



Form PCIYISA/210 (continuation of second sheet)(JuIy 1992}* 



